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ABSTRACT 


(U)  The  U.  S.  Army  Limited  War  Laboratory  has  been  given  the 
responsibility  for  developing  a  convoy  counterambush  weapon  system. 
Toward  this  end,  a  study  has  been  conducted  to  delineate  the  pertinent 
aspects  of  the  convoy  ambush  situation  and  to  determine  and  evaluate 
appropriate  counterambush  techniques  and  materiel. 
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(U)  INTRODUCTION 

An  identifying  characteristic  of  wars  of  low  Intensity,  particu¬ 
larly  those  involving  insurgency,  is  the  utilization  of  the  ambush  by 
guerrilla  forces.  This  tactic  is  quite  important  to  the  overall  plan 
of  the  Insurgency  since  its  successful  execution  creates  a  number  of 
tactical,  logistical,  economic,  psychological  and  political  problems 
for  the  government.  In  addition,  captured  supplies  provide  materiel 
support  for  the  continuation  of  the  insurgency. 

The  U.  S.  Army  Limited  War  Laboratory  has  been  given  the  respon¬ 
sibility  for  developing  a  convoy  counterambush  weapon  system  and  as  a 
result  has  concentrated  a  portion  of  Its  effort  to  studying  the  various 
aspects  of  the  ambush  situation  and  to  determine  appropriate  counter¬ 
ambush  techniques  and  materiel.  The  end  results  of  these  studies  is  to 
lead  to  the  development  of  an- effective  counterambush  reaction  system 
which  when  used  in  conjunction  with  appropriate  tactics  will  not  only 
protect  against  the  ambush,  but  will  aid  in  defeating  the  ambushing 
forces. 
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(U)  TACTICAL  SITUATION 

The  standard  techniques  used  by  guerrillas  Is  to  attempt  to 
Isolate  a  portion  of  the  convoy,,  and  to  attack  that  portion  with  rapid. 
Intensive  fire.  In  general.  If. the  vehlcle(s)  under  attack  cannot  be 
satisfactorily  protected,  the  guerrillas  will  proceed  with  their  planned 
action.  If  the  convoy  appears  to  be  capable  of  successful  counteraction, 
the  attack  will  usually  be  discontinued,  since  traditionally  guerrillas 
continue  only  If  relatively  sure  of  success.  In  those  situations  where 
a  pitched  battle  ensues,  the  resulting  activity  will  develop  Into  a  con¬ 
ventional  engagement  rather  than  the  limited  activity  usually  associated 
with  guerrilla  activity. 

Any  convoy  with  a  sufficiently  large  military  escort  should  be  able 
to  be  brought  to  Its  destination.  However,  this  use  of  extensive  mil¬ 
itary  support  may  not  always  be  expedient,  nor  does  It  guarantee  an 
acceptable  loss  level.  The  research  emphasis  must,  therefore,  be  placed 
on  developing  materiel  and/or  tactics  to  assist  the  convoy  to  arrive 
safely  at  Its  destination  with  a  minimum  loss  of  men  and/or  materiel. 

As  a  secondary,  but  major  point,  an  entire  convoy  counterambush  system 
should  be  developed  which  will  make  It  undesirable  for  the  guerrilla  to 
jjndertake  further  ambushes. 

At  the  present  time  there  Is  only  limited  Information  available 
concerning  the  specifics  of  convoy  ambushes,  so  that  certain  assumptions 
have  had  to  be  made  as  the  basis  for  a  quantitative  evaluation  of  various 
possible  competitive  systems.  Table  I  gives  an  Indication  of  our  know¬ 
ledge  of  the  ambush  characteristics  which  cannot  be  controlled  by  the 
convoy  and  also  the  assumptions  that  were  made  as  a  basis  for  the  study. 
Table  2  shows  present  U.  S.  counterambush  doctrine. 

Based  on  the  available  information,  the  apparent  requirements  for 
a  total  convoy  counterambush  system  have  been  determined  and 
are  indicated  in  Table  3.  The  basic  conclusion  Is  that  to  be  effective, 
the  convoy  must  react  rapidly  and  effectively,  immediately  upon  becoming 
aware  that  an  ambush  has  been  Initiated.  This  action  will  permit  any 
personnel  in  the  convoy  to  deploy  for  a  conventional  counterattack. 

It  would  be  desirable  for  the  end  result  of  the  neutralization 
phase  to  be  the  immediate  destruction  of  the  ambushing  forces  since 
this  would  negate  the  requirement  for  further  action.  However,  since 
this  does  not  appear  to  be  possible  within  the  present  materiel  state- 
of-the-art,  the  major  contribution  of  the  convoy  counterambush  weapon 
system  will  be  to  suppress  the  enemy  capability  (firepower)  while  the 
convoy  is  taking  the  required  counter  action. 
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Since  the  ambush  characteristics  are  not  clearly  defined,  the 
convoy  suppressive  action  should  be  effective  over  a  large  area  (100 
meters  wide)  starting  adjacent  to  the  vehicle  and  extending  out  to 
150  meters. 

A.  Vehicle  Convoys  Without  Troop  Protection 

If  a  vehicle  without  troop  protection  remains  mobile  after 
the  initiation  of  the  ambush.  It  should  be  driven  rapidly  out  of  the 
zone  of  fire  while  utilizing  all  available  weaponry  to  minimize  the 
effectiveness  of  the  enemy  offensive  fire,  if  proceeding  at  20  mph, 
the  vehicle  could  travel  approximately  250  meters  in  30  seconds  and  so 
would  presumably  drive  out  of  the  Immediate  danger  zone  within  that 
time  period.  Any  vehicles  which  are  following  must  decide  whether  to 
drive  through  the  ambush  zone  or  to  turn  back. 

If  a  vehicle  in  the  convoy  without  troop  protection  is  immobilized, 
it  is  essentially  at  the  mercy  of  the  ambushers.  Any  temporary  non- 
decisive  deterrent  (limited  casualty  producing  suppressive  fire)  will 
be  useful  only  to  help  the  ambushed  personnel  to  attempt  to  escape. 
Because  of  this,  the  effectiveness  of  the  presently  contemplated  counter¬ 
ambush  techniques  is  greatly  dependent  on  the  availability  of  troops 
for  support. 

B.  Vehicle  (Envoys  With  Troop  Protection 

If  troop  protection  is  available  to  the  convoy,  rather  than 
dispersing  the  troops  in  all  of  the  vehicles,  the  use  of  special  troop 
carrying  vehicles  would  appear  desirable  In  order  to  minimize  the  number 
of  vehicles  required  to  be  "hardened.”  The  protected  troop  carrying 
vehicles  should  be  dispersed  throughout  the  convoy  in  order  to  provide 
rapid  supporting  action.  They  should  be  located  so  that  part  of  the 
convoy  protection  can  move  rapidly  into  the  fighting  zone  without  being 
required  to  turn  around. 

In  addition,  it  would  be  desirable  to  give  each  vehicle  a  suppres¬ 
sive  fire  capabi  i  ity  (whether  or  not  tt  Is  a  't'roop-carry  I  ng  vehicle)  in 
order  to  pin  down  the  attacking  ambushers  while  the  accompanying  troops 
are  preparing  the  counterattack.  Vehicle  spacing  will  be  dependent  on 
the  supporting  fire  capabilities  of  the  final  weapon  system  and  the 
tactics  which  will  be  employed. 

(U)  CATEGORIES  OF  COUNTERAMBUSH  SYSTEMS 

A.  Firing  Techniques 

Table  4  shows  the  categories  of  counterambush  systems  by 
firing  techniques,  and  a  general  comparison  of  the  pros  and  cons  of 
the  various  systems. 


COMPARISON  OF  SYSTEM  TYPES  (AIMED  AND  UNAIMED) 
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1.  Un-aimed  "barrage  type"  systems  - 

Such  systems  are  arranged  in  units  with 
each  unit  covering  the  target  area  with 
suppressive  fire.  Only  a  single  action  is 
regu  i  red  to  initiate  the  entire  system. 

The  units  may  be  fired  consecutively  or 
concurrent  I y . 

2.  Aimed  systems  -  The  "aimed  systems"  are  those  where  the 

aiming  and  firing  of  the  system  reguire 
continuous  control  by  a  man. 

3.  Programmed  systems  - 

Programmed  systems  utilize  the  same  basic 
weapons  as  the  aimed  systems.  However, 
they  are  pre-programmed  so  as  to  reguire 
only  a  single  action  to  initiate  the  entire 
system.  Personnel  are  not  regu i red  durina 
the  period  of  fire. 

B.  Mechanisms  for  Producing  Effectiveness 


The  mechanisms  for  producing  effectiveness  are  independent  of 
the  firing  technicue  and  may  be  produced  by  either  chemical  or  non¬ 
chemical  means.  Table  5  shows  specific  items  of  both  types  of  systems 
which  have  been  considered.  A  description  of  the  specific  systems  and 
criteria  of  effectiveness  will  follow. 

(U)  TECHNIOUES  AND  CRITERIA  OF  EFFECTIVENESS 

Temporary  suppression  of  enemy  effectiveness  can  be  accomplished 
by  the  following  technigues; 

a.  Casualty  production 

b.  Threat 

c.  Obscuration 

Table  6  shows  the  various  criteria  which  have  been  used  for  each  of 
these  conditions.  None  of  the  criteria  includes  a  direct  evaluation  of 
psychological  effects,  although  It  Is  recognized  that  the  mechanisms  for 
suppressive  fire  is  primarily  psychological.  Unfortunately,  since  there 
are  no  satisfactory  criteria  for  the  evaluation  of  the  psychological 
merit  of  weapon  systems,  the  casualty  production  must  continue  to  be 
used  as  an  index  of  the  psvchological  merit  of  a  system.  These  criteria 
are  enumerated  in  Table  6. 
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(C)  DESCRIPTIONS  OF  SPECIFIC  SYSTEMS  (U) 

Tables  7,  8  and  9  show  the  characteristics  associated  with  the 
various  competitive  convoy  counterambush  systems  that  can  be  either 
specifically  or  tentatively  described.  In  all  cases,  certain  system 
characteristics  and  resulting  system  effectiveness  can  be  changed  by 
either  varying  the  number  of  Items  of  which  the  system  Is  composed,  by 
varying  the  ammunition  load,  or  by  varying  the  rate  of  fire;  In  this 
study  the  effectiveness  of  the  systems  are  shown  for  total  weights  per 
side  of  50  lbs.,  100  lbs.,  and  150  lbs. 

A.  Rif le,  U.  S.,  Cal .  .30  M- I;  This  Is  a  general  purpose  shoulder 
weapon  for  use  by  an  individual  soldier. 

Weight;  9.5  lbs. 

Length  of  Barrel;  24  Inches 

Sight;  Blade  and  aperture,  adjustable  for 
elevation  and  windage 

Type;  Gas-operated,  self-load,  semi-automatic 

Rate-of-f I  re;  Fast  as  trigger  can  be  pulled 

Feed;  Clip-fed,  8  rds/cllp 

B.  Gun,  Machine,  7.62mm,  M-60;  General  purpose  rapid  fire  weapon. 

Weight;  23  lbs. 

Length:  43  Inches 

Barrel;  Air-cooled,  quick-change 

Cyclic  Rate;  450-600  rds/mln. 

C.  M-75  Rocket  Launcher;  An  automatic  grenade  launcher  firing 
the  standard  40mm  grenade.  TRe  Item  may  be  designed  for  manual  or 
automatic  operation. 

Weapon  Weight  w/o  auxiliary  equipment  -  26  to  33  lbs. 

(depending  on  model) 

Total  System  Weight;  (Without  armor  or  programming) 

Approximately  85  lbs. 

D.  WASP;  The  WASP  system  consists  of  a  firing  stand  containing 
rocket  modules.  Each  rocket  module  Is  composed  of  20  individual  standard 
40mm  fragmentation  warhead  rockets  with  the  standard  40mm  fuze. 


Item 

Wt.  (lbs) 

Size 

Module  w/20  rockets 

21 

.35  ft^ 

Rocket 

0.86 

5.75”  X  1.75” 

Fuze 

0.47 

40mm 

Fire  (^ntrol  and  rack 

10 

.2  ft^ 
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E.  Automatic  Shotgun;  The  system  is  to  consist  of  two  turret  I  zed 
pods  moun+ed  on  opposite  sides  of  the  truck  by  quick-attach  brackets. 

The  weapon  systems  would  be,  actuated  from  the  cab  and/or  truck  bed  as 
required. 

The  proposed  system  is  to  be  a  gat  ling  type  gun  utilizing  3-5 
barrels  each  designed  to  fire  i2  gauge  shot  shell  at  a  controlled  rate- 
of-fire  of  1000  r/m.  The  shells  are  belt-fed  and  percussion  ignited. 

Power  is  supplied  by  a  separate  battery. 

F.  Claymorette;  The  Claymorette  is  a  variation  of  the  Claymore 
Anti-Personnel  Weapon,  it  consists  of  a  curved  plastic  tray  filled 
with  expiosive  which,  upon  initiation,  propels  fragments  forward  within 
a  pre-determi ned  spray  pattern. 

Size  of  item  -  2  inches  x  2  inches 
Number  of  fragments/ item  =  73 

The  fragments  appear  to  be  distributed  in  three  distinct  vertical 
zones.  Approximately  53  fragments  are  in  the  centra i  vertical  zone 
while  the  extreme  zones  contain  an  average  of  10  fragments  each.  The 
fragments  from  each  item  are  uniformly  dispersed  in  the  horizontal 
direction  over  a  150®  arc. 

The  present  compiete  system  weighs  392  lbs.  for  23  items  or  approx¬ 
imately  17  Ibs/item.  A  newer  version  is  in  process  which  weiqhs  only 
275  lbs.,  or  approximately  12  Ibs/item. 

G.  Miniature  Rockets;  The  weapon  system  would  consist  of  a  truck- 
mounted  firing  rack  containing  individual  modules  composed  of  spin 
stabilized  miniature  rockets.  The  firing  rack  and  mount  contains  the 
wiring  leading  from  the  control  consoles  to  the  module  holders.  The 
dimensions  are  approximately  5"  x  8"  x  6".  Each  module  is  a  complete 
unit  containing  the  miniature  rockets,  fuzing  and  electrical  ignitors. 

The  modules  can  be  oriented  in  azimuth  and  elevation  as  desired.  Each 
module  can  be  "ripple”  fired  from  either  the  cab  or  truck  bed  for  a 
pre-determ ined  time  period. 

H.  Cartridge  System;  The  proposed  system  will  consist  of  individual 
disposable  one-shot  modules  of  lightweight  alloy  or  plastic.  Each 
module,  as  presently  conceived,  wili  consist  of  a  matrix  in  which  will 

be  a  number  of  barrels  for  firing  standard  Cal.  0.22  long-rifie  cartridges. 

The  modules  can  be  oriented  in  azimuth  and  elevation  as  desired.  Each 
module  can  be  "ripple”  fired  for  a  pre-determi ned  time  period. 

(C)  SYSTEM  EFFECTIVENESS  (U) 

At  the  present  time,  it  is  not  possible  to  satisfactorily  compare 
the  relative  effectiveness  of  systems  which  use  different  techniques 
(chemical  and  non-chemical)  to  accomplish  the  same  mission.  In  addition, 
state-of-the-art  must  be  consk^i^rdd  when  making  eventual  comparisons  of  system 
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effectiveness.  Care  must  be  taken  to  differentiate  between  those  systems 
where  the  characteristics  are  known  and  those  systems  which  are  being 
projected  into  the  near  or  distant  future. 

The  results  of  a  study  to  determine  the  availability  of  information 
indicated  that  In  general  a  great  deal  more  is  known  about  the  character¬ 
istics  of  those  proposed  counterambush  systems  which  employ  non-chemical 
techniques  than  is  known  about  the  characteristics  of  those  systems  which 
use  chemical  techniques.  Both  types  of  systems  will  be  examined. 

A.  Chemical  Systems 


This  study  has  not  Included  chemical  incapacitation  agents 
since  their  present  use  Is  hampered  by  the  close  proximity  of  friendly  and 
enemy  troops  and  is  dependent  on  wind  and  vegetation.  In  addition,  the  use 
of  these  agents  would  require  the  friendly  troops  to  wear  masks  in  antici¬ 
pation  of  the  attack.  Newer  tactics  or  dissemination  techniques  may  make 
the  chemical  agents  useful.  However,  they  cannot  presently  be  considered 
for  the  convoy  counterambush  role. 

It  Is  recognized  that  smoke  may  have  value.  For  this  roie,  the  smoke 
may  be  disseminated  either  by  smoke  generators,  which  will  place  the  smoke 
in  the  immediate  vicinity  of  the  vehicle,  or  by  grenades,  which  can  place 
the  smoke  either  at  the  vehicle  or  at  some  distant  point.  Since  it  is 
generally  considered  to  be  more  desirable  to  screen  the  attackers  rather 
than  the  friendly  vehicles,  the  emphasis  of  this  study  has  been  on  the  use 
of  grenades  to  place  smoke  on  the  attackers  rather  than  on  the  vehicle. 

Available  information  indicates  that  approximately  7  M-34  W.P.  rounds 
and  12  M-8  H.C.  rounds  will  be  the  minimum  requirement  for  adequate  obscur¬ 
ation  at  about  50  meters  from  the  vehicle.  The  means  of  placing  these 
projectiles  at  this  range  are  not  immediately  available  in  a  convenient 
form.  There  are  various  concepts  presently  being  considered  for  this  role: 

E-5  ) 

40mm  )  -  See  Table  8 

Tank  System  ) 

The  use  of  flame  has  been  considered  only  qualitatively  because  the 
available  information  on  its  effectiveness  is  limited.  Investigations 
are  currently  underway  to  determine  the  relative  merit  of  flame  in  the 
convoy  counterambush  role.  In  addition  to  the  conventional  flame  pro¬ 
ducing  techniques,  the  Laboratory  is  studying  the  potential  of  more 
sophisticated  techniques  such  as  the  use  of  encapsulated  Mag  Teflon  and 
TEA.  Information  on  the  effectiveness  of  these  techniques  as  suppressive 
fire  media  and  on  the  availability  of  hardware,  except  for  the  M-2 
fiame  throwers  are  not  currently  available.  Tests  are  currently  being 
conducted  to  procure  input  information  with  which  to  conduct  preliminary 
evaluations. 
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Flame  Is  being  considered  primarily  as  a  second  generation  counter¬ 
ambush  procedure  since  the  propulsion  technique  and  appropriate  evalua¬ 
tion  techniques  are  not  presently  available. 

B.  Non-Chemical  Systems 


A  study  of  available  weaponry  indicate  that  there  are  essen¬ 
tially  two  basic  mechanisms  for  producing  effectiveness  by  non-chemical 
means. 


1.  The  fire  may  originate  at  the  vehicle  (rifle, 
machine  guns,  etc.)  so  that  suppressive  action 
can  take  place  in  the  immediate  vicinity  of  the 
vehicle  without  harming  the  vehicle  or  any  personnel 
attempting  to  detruck,  or 

2.  Onn I-d i rect iona I  fragmentation  items  (grenades)  may 
be  used  when  the  fire  originates  within  the  target 
area.  These  items  are  of  primary  value  only  at 
ranges  beyond  which  they  will  not  be  dangerous  to 

,  the  vehicle  or  detrucking  troops. 

Basic  to  the  casualty  production  determinations  are; 

a.  Probability  of  a  casualty  given  a  hit,  and 

b.  Probability  of  hitting  the  target. 

Figure  I  shows  the  estimated  probability  that  a  random  hit  on  the 
target  (as  defined)  will  cause  a  casualty  as  a  function  of  range  to 
target  when  the  projectile  Is  fired  through  air. 

Table  iO  shows  the  average  probability  of  a  casualty  to  a  man  as 
a  function  of  distance  to  the  target  and  estimated  system  weight/side 
for  the  following  conditions; 

a.  Systems  fired  through  air 

b.  The  Individual  target  area  located  on  flat  land 

c.  Number  of  fragments  (or  rounds)  as  shown  In  Table  9 

d.  Presented  area  of  man  -  I  ft'^  (head  and  shoulders  only) 

e.  Type  2  casualty  -  30  second  assault. 

Although  the  data  shown  in  Tgbte  iO  are  for  flat  land,  it  is 
recognized  that  the  ambush  can  originate  from  slopes.  For  those  situa¬ 
tions  involving  counterambush  fire  not  controlled  by  personnel,  approx¬ 
imately  1/2  of  the  ammunition  was  utilized  for  the  specified  situation 
while  the  other  1/2  of  the  ammunition  was  allocated  for  use  against 
those  attacks  originating  from  slopes. 
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Smoke  Must  cover  an  arc  approximately  450  ft;  Requires  7  rds.  W.P.  -  M-34; 

12  rds.  H.C.  -  M-8. 
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Rifles  -  (Cal.  0.30)  -  From  Figure  I,  It  can  be  seen  that  each 
Cal.  0.30  round  when  fired  through  air  Is  potentially  effective  out  to 
ranges  of  150  meters  and  beyond.  In  addition,  the  Individual  round 
suppressive  fire  capability  theoretically  tends  to  Increase  with  an 
Increase  of  range  within  the  specified  range  limitations  since  the  more 
shallow  angle  of  fire  associated  with  Increased  range  tends  to  make 
each  round  potentially  more  effective  over  a  large  area.  However, 
although  not  specifically  evaluated,  as  the  approach  angles  become 
Increasingly  shallow,  the  rounds  become  more  susceptible  to  small 
variations  In  the  terrain. 

It  was  assumed  that  during  the  engagement,  fire  will  be  produced 
by  a  maximum  of  8  men  per  side  with  each  man  firing  2  clips  of  ammunition. 
I n  actual Ity,  this  va I ue  wl 1 1  be  I Iml ted  s I  nee  the  men  will  not  be  able 
to  fire  their  weapons  as  they  detruck.  Since  rifle  fire  requires  men, 
it  could  not  be  used  In  those  situations  where  the  vehicle  does  not 
contain  troops. 

Since  potential  effectiveness  Is  not  decreased  with  range,  within 
the  ranges  of  interest,  the  value  of  the  system  is  limited  primarily 
by  the  tactics  and  rate-of-f I  re.  The  system  is  not  weight  limited 
since  the  rifles  and  ammunition  are  part  of  the  basic  equipment  of  the 
men  in  the  vehicles. 

Machine  Gun  -  (Cal.  0.30  ammunition)  -  The  terminal  effectiveness 
information  for Cal.  0.30  machine  gun  fire  used  In  the  counterambush 
role  is  essentially  the  same  as  that  for  fire  from  the  Cal.  0,30  rifle. 
The  primary  difference  and  advantage  to  the  use  of  the  machine  gun  fire 
over  rifle  fire  Is  the  Increased  rate  of  fire  and  the  ability  of  the 
men  to  detruck  while  the  guns  are  being  fired. 

To  be  tactically  effective,  either  protection  must  be  provided 
for  a  machine  gunner  or  the  system  must  be  pre-programmed.  Either 
situation  would  create  weight  and/or  complexity  problems.  However,  If 
only  gun  and  ammunition  weights  are  considered  for  systems  weighing  50 
lbs.  or  more,  rate  of  fire  (300  rds.  in  30  secs.)  will  be  the  limiting 
factor  in  effectiveness.  Since  the  basic  machine  gun  and  300  rounds  of 
ammunition  wi i I  weigh  about  50  pounds,  an  increase  In  system  weight  above 
50  pounds  will  allow  the  vehicle  to  carry  more  ammunition  but  will  not 
Increase  the  amount  of  fire  within  the  specified  suppressive  firing 
time  of  30  seconds. 

A  pre-programmed  system  must  of  necessity  be  time  limited  so  as 
not  to  cause  casualties  to  friendly  troops  entering  the  target  area. 

If  the  system  is  man-operated,  the  fire  can  be  directed  at  ranges 
beyond  those  occupied  by  the  friendly  forces. 
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Grenade  Launcher:  The  grenade  system  Is  the  only  non-chemical 
system  where  the  •fragments  are  omn  I -direct  Iona  I  and  originate  within 
the  target  area  rather  than  at  the  vehicle.  Because  of  this,  the  use 
of  fragmentation  grenades  Is  limited  to  ranges  beyond  which  the  frag¬ 
ments  will  constitute  a  danger  to  detrucking  friendly  troops. 

The  terminal  effectiveness  of  the  Individual  grenade  Is  Indepen¬ 
dent  of  the  launching  system.  From  Figure  I  It  can  be  seen  that  the 
casualty  potential  of  a  single  fragment  Is  limited  and  drops  rapidly 
as  a  function  of  range.  Although  some  of  this  loss  In  effectiveness 
Is  offset  by  the  fact  that  the  fragments  originate  within  the  target 
area,  the  total  casualty  potential  (and  consequent  suppression  cap¬ 
ability)  of  a  single  grenade  Is  not  high. 

Two  types  of  grenade  launchers  have  been  considered: 


a.  The  standard  gun-type,  M-75  (either  programmed  or 

man-operated) ,and 


b.  a  barrage-type  rocket  system,  (WASP). 


Weight  Is  a  limiting  factor  for  both  systems.  From  Table  7  It 
can  be  seen  that  the  basic  gun  system  weighs  approximately  85  lbs. 

(No  weight  consideration  for  programming  or  protection  for  the  operator.) 
The  gun  represents  a  fixed  weight,  so  that  effect! veness/pound  Increases 
as  system  weight  Increases  (Increase  In  weight  represents  Increase  In 
number  of  rounds).  Since  any  programming  system  or  armor  protection 
must  have  some  weight.  It  appears  unlikely  that  a  gun  system  (exclusive 
of  ammunition)  can  be  built  for  less  than  about  100  pounds. 

Unlike  a  gun  system,  the  number  of  rounds  fired  from  a  rocket 
system  (WASP)  would  be  roughly  proportional  to  the  weight  of  the  system. 
Exclusive  of  programming  or  armor  protection,  for  system  weights  less  than 
about  250  lbs  (170  rds.)  per  side  the  rocket  system  would  be  more  ef¬ 
fective  than  the  gun  system.  As  weight  Increases  above  about  250  lbs., 
the  gun  system  would  become  Increasingly  more  effective  on  a  comparative 
weight  basis. 

Although  the  WASP  system  Is  characterized  as  a  barrage  system 
within  the  weight  limitations  It  has  only  a  limited  capability  to  cover 
the  entire  area  continually  with  fire  for  an  extended  period  of  time 
(30  seconds). 


Automatic  Shotgun:  The  effectiveness  of  the  automatic  shotgun 
system  Is  dependent  on  the  ability  to  adequately  aim  or  program  the 
system.  In  addition,  the  choice  of  size  and  type  of  load  for  the 
shotgun  shell  will  Influence  the  results.  From  Figure  I  It  can  be 
seen  that  when  firing  through  air.  It  will  be  necessary  to  use  either 
flechettes  or  at  least  0  buck  shot  If  the  system  Is  to  have  any  casualty- 
producing  capability  to  about  150  meters  from  the  vehicle  (In  air). 
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In  addition,  the  shotgun  effectiveness  is  especially  dependent  on  the 
spray  size  and  angle  of  approach.  For  a  specific  shot  dispersion  at 
the  closer  ranges,  the  tendency  Is  to  get  small  patterns  of  concen¬ 
trated  fire  due  to  the  steep  angle  of  fire  and  Inability  of  the  load 
to  spread  within  the  short  range.'  As  the  distance  from  gun  to  target 
increases,  the  spray  size  Increases  and  the  angle  of  fire  becomes  more 
shallow,  so  that  the  load  tends  to  cover  increasingly  greater  areas. 

The  problem  of  variations  In  terrain  and  fragment  drop  as  a  function 
of  time  has  not  been  included.  However,  some  compensations  can  be  made 
for  these  factors.  In  addition,  a  single  round  from  this  type  system 
does  not  cover  the  entire  target  area  so  that  at  any  one  time  only  a 
portion  of  the  target  will  be  covered  by  fire. 

Either  man-aimed  or  programmed  fire  Is  required  to  achieve  the 
variation  in  azimuth  and  elevation  required  to  cover  the  target  area. 

As  indicated  previously.  If  man-operated,  armor  protection  will  be 
required,  A  programmed  system  will  be  both  an  asset  and  a  detriment. 
Programming  would  Increase  weight  and  complexity.  However,  a  well- 
programmed  or  man-fired  system  has  the  advantage  of  concentrating  the 
fire  In  the  target  area.  The  presently  evaluated  barrage  systems  are 
fired  with  constant  large  azimuth  spray  angle  (presently  assumed  =  150°). 
By  aiming  or  programming  the  gun  so  that  the  total  azimuth  angle  decreases 
as  the  elevation  (range)  Increases,  the  spray  can  be  confined  to  the 
target  area  of  Interest. 

This  assumed  ability  to  aim  a  weapon  to  fire  all  rounds  within 
the  desired  target  area  Is  responsible  to  a  great  extent  for  the  high 
effectiveness  numbers  shown  for  the  automatic  shotgun  system  In  Table 
10,  Unlike  the  barrage  system  which  Is  oriented  to  cover  the  forward 
area  and  to  accept  as  a  bonus  whatever  capability  exists  at  the  further 
ranges,  this  system  Is  evaluated  as  though  all  of  the  available  rounds 
were  directed  either  at  the  range  from  0-50  meters  or  from  50-150 
meters.  Also,  unlike  the  barrage  systems  (excluding  WASP)  the  automatic 
shotgun  Is  not  evaluated  In  its  ability  to  cover  the  entire  area  but 
only  as  a  supplemental  system.  If  this  system  Is  expected  to  cover  the 
entire  area,  the  effectiveness  In  each  area  would  depend  on  what  per¬ 
centage  of  the  total  rounds  were  allocated  per  area. 

The  present  automatic  shotgun  concept  weighs  approximately  60  lbs., 
exclusive  of  the  weight  of  programming  components  or  armor.  This  fact 
Is  reflected  In  Table  10,  which  shows  the  apparent  system  effectiveness 
as  a  function  of  system  weight.  Typical  of  gun  systems,  the  effective¬ 
ness  per  unit  weight  Is  a  uniformly  Increasing  function  of  total  system 
weight. 

Barrage  Systems;  The  barrage  systems  are  composed  of  Individual 
modules  which  can  be  fired  either  concurrently  or  consecutively 
(ripple  fired)  over  a  specific  area  within  the  required  period  of  time. 
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The  barrage  systems  have  the  advantage  of  continually  covering  the 
entire  area  with  fire.  In  addition,  they  are  relatively  simple  In 
design  and  do  not  require  either  programming  or  an  armor-protected 
operator. 


a.  Claymorette  - 

When  the  Claymorette  is  fired,  the  Individual  shot 
show  some  potential  casualty  production  capability  out  to  about  140 
meters.  Because  of  the  low  density  of  pellets  at  the  further  ranges 
resulting  from  the  large  spray  angle  and  the  rapid  decrease  In  pellet 
velocity,  the  system  casualty  production  capability  is  extremely  low 
beyond  the  first  50  meters  from  the  vehicle.  However,  the  system  still 
has  merit  since  It  will  perform  as  an  un-almed  semi-automatic  barrage 
system  which  can  place  fire  over  a  target  area  of  major  Importance. 

There  is  a  problem  of  blast  pressure  In  the  vehicle  which  results 
from  the  detonation  of  the  explosive  loading  in  the  "Claymorette.” 

Some  recent  test  data  Indicates  the  following  peak  pressures  occur 
within  the  vehicle  when  a  single  Claymorette  is  detonated: 

Cab  .2  -  .6  psi 

Center  of  Body  3.0  psI 

Along  the  sides  of  the  Truck  6.2  psi 

Although  the  blast  Information  Is  available.  It  does  not  appear 
possible  at  this  time  to  adequately  Interpret  the  information  in  terms 
of  either  physiological  or  psychological  effects  on  man.  A  continuing 
effort  is  in  progress  to  determine  what  effect  the  blast  associated 
with  the  use  of  the  Claymorette  system  will  have  on  the  ability  of 
troops  In  or  accompanying  the  vehicle  to  accomplish  their  mission. 

Regardless  of  the  degree  of  blast.  If  It  can  be  conveniently 
avoided,  it  would  be  desirable  to  do  so.  It  would  appear  that  the 
use  of  either  the  miniature  rockets  or  the  cartridge  system  would  help 
to  alleviate  this  problem  since  in  either  case  the  associated  back 
blast  would  be  considerably  less. 

b.  Miniature  Rockets  - 

Assuming  that  the  miniature  rockets  can  be  satisfac¬ 
torily  reduced  In  size  to  about  Cal.  0.25  and  will  function  adequately, 
they  appear  to  have  the  potential  for  being  part  of  an  effective  counter 
ambush  weapon  system.  Because  of  the  ballistic  shape,  projectile  weight 
and  burn-out  velocity,  the  rocket  potential  effectiveness  is  initially 
high  and  remains  relatively  high  as  range  Increases  (Figure  I). 
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As  with  most  rocket  systems,  the  number  of  projectiles  Is  essentially 
a  linear  function  of  system  weight.  Because  of  this,  within  reason,  the 
system  can  be  made  exceedingly  light  If  we  are  wl  Ming  to  accept  a 
corresponding  decrease  in  effectiveness  potential.  The  system  weighs 
approximately  one  pound  for  each'  37  rockets. 

The  use  of  miniature  rockets  can  be  considered  as  a  means  of  accomp¬ 
lishing  the  entire  mission.  The  average  probability  of  a  casualty 
(through  air)  0-50  meters  and  50-150  meters  Is  shown  in  Figure  10. 

Since  the  capability  of  the  miniature  rockets  at  the  further  ranges  Is 
limited  primarily  by  the  density  of  items  within  the  assumed  150®  azimuth 
spray  angle.  It  may  be  possible  to  limit  the  total  azimuth  angle  for  a 
portion  of  the  modules  and  direct  that  portion  to  the  further  ranges. 

In  this  fashion,  the  density  would  be  Increased.  For  example.  If  firing 
100  pounds  of  miniature  rockets  (3733  rockets)  within  150®  azimuth  spray 
angle. 


P,^  (0-50  meters)  =  .32 

P,^  (50-100  meters)  =  .06 

If  instead,  50  pounds  of  rockets  (1867  rockets)  are  fired  within 
the  150®  azimuth  spray  angle  and  the  remaining  50  pounds  of  rockets  are 
fired  within  a  70®  azimuth  spray  angle  without  changing  elevation,  then 

P,  (0-50  meters)  =  .20 

k 

P|^  (50-150  meters)  =  .09 

An  approach  such  as  this  may  be  one  way  to  cover  the  entire  target 
area  with  suppressive  fire  from  a  single  system. 

c.  Cartridge  System 

Two  variations  of  the  cartridge  system  have  been  con¬ 
sidered.  The  first  (proposed)  has  approximately  67  Cal.  0.22  car¬ 
tridges/  lb  of  system  weight.  This  system  has  been  suggested  as  being 
within  the  state-of-the-art.  A  second  system  (using  miniature  rockets) 
would  have  37  cartri dges/ I b.  The  second  system  has  been  given  a  weight 
limitation  comparable  to  that  indicated  for  the  miniature  rocket.  This 
system  was  Included  In  case  the  original  value  of  67  Cal.  0.22  cartridge/ 
lb  could  not  be  met. 

All  conclusions  concerning  the  miniature  rocket  are  essentially 
applicable  to  the  cartridge  system  since  the  casualty  producing  and 
suppression  producing  mechansims  are  identical.  The  difference  between 
the  two  systems  is  In  propulsion  technigues. 
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C,  Effects  of  Vegetation 

The  effects  of  vegetation  on  the  capability  of  each  system 
are  not  known  at  this  time.  However,  tests  are  presently  being  con¬ 
ducted  to  determine  the  degradation  In  effectiveness  which  occur  when 
Individual  Items  (shot,  flechettes,  and  ball  ammunition)  are  fired 
through  vegetation.  This  Information  will  then  be  utilized  as  Input 
to  analytical  studies  to  determine  over-all  system  performance  In 
appropriate  vegetation. 

D.  Cost  and  Times  for  System  Development 


In  conjunction  with  the  effectiveness  Information,  it  Is 
desirable  to  consider  the  availability  of  the  various  considered 
systems  together  with  their  development  costs,  and  also  the  estimated 
cost  to  perform  their  specific  function.  Table  II  shows  the  estimated 
times  to  demonstrate  system  feasibility  and  costs  to  fire  a  single 
sortie  for  specific  conditions.  This  Information  can  be  safely  extra¬ 
polated  (or  Interpolated)  within  the  specified  framework  as  stated 
within  the  text. 

Costs  for  the  rifle,  machine  gun  and  M-75  are  not  applicable  since 
they  represent  systems  currently  In  the  Inventory. 

The  gun  costs  for  the  automatic  shotgun  must  be  pro-rated  over 
Its  expected  life.  These  data  are  not  Immediately  available.  Other 
costs  Indicated  In  Table  II  are  per  firing  for  150-pound  systems. 

The  rifle,  machine  gun  and  M-75  launcher  are  standard  equipment 
and  do  not  need  further  development.  However,  further  time  will  be 
required  to  develop  a  system  for  programming  If  the  M-75  Is  not 
manual ly  operated. 

The  automatic  shotgun,  miniature  rocket  and  cartridge  systems  are 
In  the  concept  stage.  However,  all  three  systems  use  proven  techniques 
so  that  further  efforts  will  be  primarily  for  system  development.  The 
automatic  shotgun  will  require  the  development  of  a  programming  system. 

The  Claymorette  has  been  leted  throijg|i^'yje  feasibility  stage. 
Development  time  wil I  be  primarily  for  Items  to  be  put  Into  the  field. 

(U)  ENGINEERING  ASPECTS 

Since  the  Item  Is  to  be  developed  for  field  use.  It  Is  desirable 
that  certain  engineering  and  tactical  aspects  usually  considered 
desirable  for  military  equipment  be  ascertained  prior  to  final  develop¬ 
ment.  The  following  characteristics  can  all  be  met  by  the  proposed 
systems; 
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(1)  System  Is  simple  In  design  and  construction 

(2)  Firing  mechanisms,  when  applicable,  will  be  simple, 
reliable,  and  easy  to  Install 

(3)  Firing  mechanisms  can  be  equipped  with  easily 
Identifiable,  conveniently  located,  positive  safety 

(4)  All  systems  can  be  protected  against  accidental 
detonation 

(5)  All  systems  can  be  provided  with  visual  safety 
Indicators  (In  color  If  desired)  for  the  convoy 
commander  or  traffic  control  personnel 

(6)  All  systems  can  be  equipped  with  safe  fire  mechanisms 
which  can  be  determined  by  touch 

(7)  All  components  for  a  specific  system  can  be  Inter¬ 
changeable  ( left-to-right  and  right-to-left) 

(8)  None  of  the  systems  when  Initiated  will  damage  the 
vehicle 

(9)  Reloading  procedures  will  be  relatively  simple 

(10)  All  weapons  can  be  fired  Immediately  after  being 
reloaded 

(11)  Operation  and  maintenance  Is  not  expected  to  be 
beyond  the  comprehension  of  Indigenous  forces 

(12)  For  those  Items  Involving  semi-automatic  fire, 
firing  mechanisms  can  be  located  both  In  the 
vehicle  cab  and  body. 

(C)  CONCLUSIONS  (U) 


1.  The  Claymorette  system,. even  considering  Its  weaknesses.  Is 
the  most  desirable.  Immediately  available  system.  Feasibility  has  been 
demonstrated  and  the  system  can  be  put  Into  the  field  with  consideration 
of  the  possible  problems  which  might  result  due  to  blast.  At  this  time, 
the  Claymorette  should  be  considered  as  a  desirable,  but  Interim, 
solution  to  the  problem. 

2.  Unless  a  satisfactory  substitute  Is  quickly  found  for  the 
Claymorette,  some  advantage  could  be  gained  by  supplementing  the 
Claymorette  System  with  smoke  to  obscure  the  convoy  from  those  attackers 
beyond  50  meters  from  the  vehicle. 

3.  The  miniature  rockets  and/or  cartridge  system  appear  to  have 
potential  as  replacements  for  the  Claymorette.  If  either  of  these 
systems  Is  successful.  It  could  represent  a  possible  single  weapon 
solution  to  the  vehicle  counterambush  problem. 


4.  Although  not  much  Is  presently  known  about  the  effectiveness 
of  flame  systems,  some  recent  test  results  Indicate  the  possibilities 
for  the  future  development  of  a  successful  flame  weapon  to  be  Incor¬ 
porated  with  a  counterambu 
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The  report  conclusions  are  based  on  the  following  premises: 

a.  It  is  desirable  to  be  able  to  negate  the  effectiveness 
of  enemy  fire  over  a  large  area  starting  as  close  to 
the  vehicle  as  safety  permits  out  to  about  150  meters 

for  a  period  of  30  seconds  from  the  time  of  the  initiation 
of  the  ambush.  Emphasis  will  be  placed  on  the  semi¬ 
automatic  barrage  type  weapons  rather  than  on  those 
requiring  control  during  the  firing  period. 

b.  Absolute  system  effectiveness  cannot  be  determined  at 
this  time.  All  effectiveness  information  must  be  con¬ 
sidered  in  relative  terms  only. 

c.  It  is  currently  Impossible  to  compare  the  effectiveness 
of  systems  which  employ  different  mechanisms  to  achieve 
the  specific  desired  results  (e.g.,  fragmentation, 
smoke,  flame). 

d.  Minimum  time  to  place  a  system  in  the  field  is  important 
because  of  the  present  urgency. 

e.  The  convoy  counterambush  weapon  system  is  not  a  substi¬ 
tute  for  troop  action  but  is  to  complement  it.  By  itsetf, 
the  system  will  not  likely  achieve  the  ultimately  desired 
end  of  ambush  defeat. 


DISTRIBUTION  LIST 


Chief  of  Research  and  Development 
Department  of  the  Army 
Washington,  D.  C.  20310 

Chief  of  Staff 

ATTN:  Special  Assistant  for  Special  Warfare 
Department  of  the  Army 
Washington,  D.  C.  20310 

Deputy  Chief  of  Staff  for  Military  Operations 
ATTN:  Director,  Special  Warfare 
Department  of  the  Army 
Washington,  D.  C.  20310 

Assistant  Chief  of  Staff  for  Force  Development 
ATTN:  Liaison,  ACTIV 
Department  of  the  Army 
Washington,  D.  C.  20310 

DI rector 

Advanced  Research  Projects  Agency 
Office  Director  of  Defense  Research  &  Engineering 
ATTN:  Assistant  Director,  Remote  Area  Conflict 
Washington,  D.  C.  20310 

Command I ng  Genera  I 

U.  S.  Army  Materiel  Command 

ATTN:  Director  of  Research  and  Development 

Washington,  D.  C.  20310 

Commanding  General 

U.  S.  Army  Materiel  Command 

ATTN:  Project  Manager,  Special  Warfare 

Washington,  D.  C.  20310 

Commanding  General 

U.  S,  Army  Combat  Developments  Command 
ATTN:  Special  Warfare  &  Civil  Affairs  Group 
Fort  Be  I  voir,  Virginia  22060 

Commanding  General 

U.  S,  Army  Weapons  Command 

ATTN:  AMSWE-RDS 

Rock  Island,  Illinois  61200 


30 


Cop  1 es 

Commanding  General 

U.  S.  Army  Munitions  Command 

ATTN:  Non-Nuclear  Munitions  Office 

PIcatInny  Arsenal 

Dover,  New  Jersey  07801 

1 

Commanding  General 

U.  S.  Army  Test  and  Evaluation  Command 

Aberdeen  Proving  Ground,  Maryland  21005 

1 

Commanding  General 

U.  S,  Army  John  F,  Kennedy  Center  for  Special  Warfare 
Fort  Bragg,  North  Carolina  28307 

1 

Chief 

U,  S,  Army  Concept  Team  In  Vietnam 

APO  San  Francisco,  California  96243 

2 

Commanding  General 

U.  S,  Army  Support  Command 

APO  San  Francisco,  California  96243 

I 

Dl rector 

Joint  Research  and  Test  Activity 

APO  San  Francisco,  California  96243 

1 

Commanding  Officer 

U.  S,  Army  Ballistic  Research  Laboratories 

ATTN:  AMX-BA-WD 

Aberdeen  Proving  Ground,  Maryland  21005 

1 

Commanding  Officer 

U,  S,  Army  Combat  Developments  Command  infantry  Agency 
Fort  Benning,  Georgia  31908 

1 

The  Commandant 

U.  S,  Army  Special  Warfare  School 

ATTN;  Director  of  Instruction 

Fort  Bragg,  North  Carolina  28307 

6 

Commanding  Officer 

Springfield  Armory 

ATTN:  Programs  Control  Office 

Springfield,  Massachusetts  01 100 

1 

Commanding  Officer 

Frankford  Arsenal 

ATTN;  SMUFA-I9I0 

Philadelphia,  Pennsylvania  19137 

1 

Commander 

U.  S.  Naval  Ordnance  Test  Station 

ATTN:  Code  121 

China  Lake,  California  96105 

Director 

Marine  Corps  Landing  Force  Development  Center 
Marine  Corps  Schools 
Quant i CO,  Virginia  22133 

U.  S.  Air  Force  Liaison  Officer 
Aberdeen  Proving  Ground,  Maryland  21005 

U.  S.  Navy  Liaison  Officer 

Aberdeen  Proving  Ground,  Maryland  21005 

U.  S.  Marine  Corps  Liaison  Officer 
Aberdeen  Proving  Ground,  Maryland 

Director 

Air  University 

ATTN:  Document  Librarian 

Maxwell  Air  Force  Base,  Alabama  36112 

Defense  Documentation  Center  (ASTI A) 

Cameron  Station 
Alexandria,  Virginia  22314 

U.  S.  Army  Limited  War  Laboratory 
Aberdeen  Proving  Ground,  Maryland  21005 


Security  Classification 


^9 

DOCUMENT  CONTROL  DATA  •  R&D 


f5«cuHfy  clM9mliicmtion  of  titim,  body  oi  mbstroct  mnd  Indexing  onnotstion  muet  be  entered  when  the  overall  report  ie  claeeiiied) 


t.  ORIGINATING  ACTIVITY  (CorpormU  muthot) 

U,  S,  Army  Limited  War  Laboratory 

2a.  REPORT  SECURITY  CLASSIFICATION 

2b  GROUP 

3.  REPORT  TITLE 

Convoy  Counterambush  Weapon  System? 

4  descriptive  notes  (Type  oi  report  and  inclueive  datee) 

Technical  Report 

5  AUTHORfS^  (Laet  name,  (Irat  name,  initial) 

WISE,  SIDNEY 

«■  REPO  RT  DATE 

March  1966 

7*  TOTAL  NO.  OF  PAGES  7  6.  NO.  OF  REFS 

33  1 

8«.  CONTRACT  OR  GRANT  NO. 

6.  PROJECT  NO. 

c.  Task  No,  04-F-66 

d. 

9a.  ORIGINATOR'S  REPORT  NUMBERfS; 

Technical  Report  66-01 

9b.  OTHER  REPORT  NO('5^  (Any  Other  numbere  d\at  may  be  aeei^ed 
thia  report) 

to  AVAILABILITY/LIMITATION  NOTICES 

"In  addition  to  security  require 

must  be  met,  each  transmittal  outside 
have  orior  aonroval  of  the  U.  S.  Arm\ 

aments  which  apply  to  this  document  and 

3  the  agencies  of  the  U.S,  Government  must 
Limited  War  Laboratory" 

11.  SUPPLEMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

U.S.  Army  Limited  War  Laboratory 

Aberdeen  Provlnq  Ground,  Maryland  21005 

13.  ABSTRACT 


(U)  The  U.  S,  Army  Limited  War  Laboratory  has  been  qiven  the  responsibility 
for  developing  a  convoy  counterambush  weapon  system.  Toward  this  end,  a  study 
has  been  conducted  to  delineate  the  pertinent  aspects  of  the  convoy  ambush 
situation  and  to  determine  and  evaluate  appropriate  counterambush  techniques 
and  materiel . 


UNGLASSiF 


El 


u. 


KEY  WORDS 


LINK  A 


LINK  B 


LINK  C 


INSTRUCTIONS 


1,  ORIGINATING  ACTIVITY:  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee.  Department  of  De¬ 
fense  activity  or  other  organization  ( corporate  author)  issuing 
the  report. 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  security  classification  of  the  report.  Indicate  whether 
‘‘Restricted  Data'*  is  included.  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

26.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200.10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  as  author¬ 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclassified. 

If  a  meaningful  title  cannot  be  aelected  without  classificp-  . 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e. g.^,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S):  Enter  the  name(s)  of  author(a)  a  a  shown  on 
or  in  the  report.  Enter  last  name,  first  name,  middle  Initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  yean  or  month,  year.  If  more  than  one  date  appears 
on  the  report,  uae  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  i.e. ,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86,  8c,  &  8d.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  Identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

96.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s). 


10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 
imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  “Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC“ 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized.  “ 

(3)  “U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  “U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC.  Other  qualified  users 
shall  request  through 


(5)  “All  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay^ 
ing  for)  the  research  and  development.  Include  address. 

13.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet 
shall  be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  re¬ 
ports  be  unclassified.  Each  paragraph  of  the  abstract  shall 
end  with  an  indication  of  the  military  security  classification 
of  the  information  in  the  paragraph,  represented  as  (TS),  (S), 
(C),  or  (U). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required. 

fiers,  such  as  equipment  model  designation,  trade  name,  mili¬ 
tary  project  code  name,  geographic  location,  may  be  used  as 
key  words  but  will  be  followed  by  an  indication  of  technical 
context.  Thft^as sig nme nt  of  links,  rules,  and  weights  is 
optional.  ^ 


ecurity 


